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The second report, RSL TR 177-59, presents results for milo and soybeans of
 
an exptriment conducted by KU during 1974 to predict the applicability of radar
 
to c'assification, maturity, and condition measurements of corn, wheat, alfalfa,
 
Milo, and soybeans; and the masking effects of these crops upon radar soil
 
moisture response. A wide range of HAS 8-18 GHz instrument parameters were
 
used during the experiment, which was conducted during the May through mid-

September time period over typical fields in the Lawrence, Kansas, 
area.
 
The data inditated that maturity and condition measurements are not feasible for
 
miO and soybeans due to the effects of soil moisture beneath the vegetation
 
canopy which strongly influence the backscattered signal at low incidence
 
angles and the small (I to 3 dB) variations in backscattered signal at the higher

angles as the crop matured. However, crop classification studies using the
 
MAS field data for the five cops investigated produced classification accuracies
 
of well above 957, depending upon the instrument parameters used and observation
 
intervals. The data is also valuable in indicating the masking effects of
 
these crops for radar soil moisture measurements.
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The radar bockacatter from fields of milo and soybeans was measured with 
a ground based radar as a function of frequency (8-18 GHz), polarization (HH 
and VV) and angle of incidence (0o-7&) during the summer of 1974. Support­
ing ground truth was gathered contemporaneously with the backscatter data. 
°At nadir aa of milo correlated highly, r = 0.96, with soil moisture in the milo. 
field at 8.6 GHz but decreased to a value of r = 0.78 at a frequency of 17.0 GHz. 
Cone lation studies of the variations of (? with soil moisture in the soybean fields 
were not possible due to a lack of a meaningful soil moisture dynamic range. At 
the larger angles of incidence, however, o of soybeans did appear to be dependent 
on precipitation. It issuggested this phenomenon was caused by the rain altering 
plant geometry. In general o of both milo and soybeans had a relatively small 
dynamic range at the higher angles of incidence and showed no sibjnificant dependence 
on the measured crop parameters. 
iv 
1.0 INTRODUCTION 
During the summer months of 1974 an experiment was performed to determine 
the relationships between the radar scattering coefficient, a , of five crop types and 
the physical characteristics of these crops. The crops studied were corn, alfalfa, 
wheat, milo and soybeans. The intent was to test the feasibility of monitoring the 
growth of these crops with radar. By functionally relating a ° to certain crop develop­
ment descriptors it was determined that it is possible to monitor the growth of wheat [1), 
alfalfa [21, and corn [3]. However, an analysis of the data collected from fields of 
milo and soybeans indicates that effective radar monitoring of these crops may not be 
possible. For the sake of completeness however, the results of the experiment pertain­
ing to the milo and soybean fields will be summarized in this report. 
2.0 GROUND TRUTH DATA AND ACQUISITION PROCEDURE 
The ground truth data acquisition procedure has been discussed by Cihlar [41 
and will not be reiterated in this report. The ground data collected were: 
(a) Soil moisture on a volumetric basis,m s (g / c 3). (Six samples were collected 
at the field points described by Cihlar. Due to skin depth considerations [5] only 
the moisture in the top 2 cm was used in the data analysis). 
(b) Plant moisture on a gravimetric basis, mnp ig i.e. mass of water per mass 
of wet plant matter). 
(c) Plant canopy height, h (an). 
(d) Precipitation as measured at the Lawrence, Kansas weather observition station. 
(Note that the data were collected near Eudora, Kamas, approximately 12 km 
East of Lawrence). 
Figures 1and 2 present the variations of these field variables as a function of time as 
collected from the soybean and milo fields respectively. Each figure clearly depicts 
the variations in plant height. For soybeans the net change in plant height was 1.04 
mieters while for milo a 0.87 meter net height change was recorded. It should be 
noted that while the soil moisture, m, in the milo field showed large fluctuations 
cas function of time, the soil moisture in the soybean field remained extremely low 
until August 2 at which point the soybean canopy was 0.84 meters tall. This point is 
important in that the lack of a wide range of soil moisture data severely restricted an 
analysis of the effects of moisture in the soil underlying the soybeans on ao Appendicies 
A and Bcontain the measured ground truth data for soybeans and milo, respectively, 
in a tabular form. 
3.0 RADAR DATA ACQUISITION PROCEDURE 
Scattering data were acquired with the University of Kansas Remote Sensing 
Laboratory Microwave Active Spectrometer, 8-18 GHz (MAS 8-18). A detailed descrip­
tion of its operational characteristics has been reported [61 and these characteristics will 
not be presented herein although a summary of the MAS 8-18 choracteristics is available 
in Table I. To reduce the effects of fading on the precision of the scattering data both 
frequency and spatial averaging techniques were employed [7]. Ninety percent 
confidence interval estimates for ao vary between (+ 1.8 dB, -2.0 dB) at nadir and 
(40.403 dB, -0.403 dB) at an angle of incidence (measured from nadir) of 700. 
ao4.0 TEMPORAL VARIATIONS OF 
This section presents typical temporal data records of 0 for both crop types
 
under discussion. Data are plotted for various frequency-polarization-angle of
 
incidence combinations. Appendicies C and D present, in a tabular fashion, all of
 
the scattering data from the soybean and milo fields respectively.
 
°4.1 Temporal Variations of a of Soybean 
°Figures 3a-b present a- and rV as measured at nadir at 8.6 and 17.0 GHz. 
At 8.6 GHz, a-g. and aS' (Figure 3a) shows a 9.4 dB and 12.7 48 dynamic rangeH V
 
-°
respectively. Neither O-V no a-V however, significantly correlate with any of the 
measured ground truth data. This is true not only at 8.6 GHz but also at 13.0 and 
17:0 GHz (e.g., Figure 3b). It is expected if the moisture ih the underlying soil had
 
eo
shown more extreme variations while the soybean canopy was relatively short, 
would show a significant correlation vth soil moisture. 
Figures 4a-b present the data record of r and r a measured at an 
angle of incidence of 30P. At 8.6 GHz (Figure 4a) both and a- ° show a 
a0definite trend to increase with time. in fact a simple linear regression of on 
time results in an estimated correlation of rH = 0.819 and rv = 0.879 for the 
horizontally and vertically polarized data. Furthermore by regressing cr on plant 
height (in meters), estimated correlation coefficients of a- = 0.814 and rV = 0.870 
were obtained. However, the slopes of the regression lines (in di/meter) were only 
2.2 dB/meter (2.8 dB/meter) for the horizontal (vertical) data. Thus, while at 8.6 
o° a °GHz, 30P, shows a dependence on plant height, the sensitivity of to plant 
height variations Isquite small. As frequency is increased (Figure 4b),the linear trend 
°in a which was apparent at 8.6 GHz has disappeared. The reduction in this trend 
is attributed to rainfall. Consider the 17.0 GHz data collected at an angle of incidence 
.of 30° On August 6 and August 22 a dip is discemile in the trend of ao. By refer­
ring to Figure 1 it is seen that on both dates a significant amount of rain fell. This 
rain was recorded in the early morning hours and did not result in awet crop when data 
were collected with the radar. It is felt however that the effect of these rains was to 
.alter the plant canopy geometry in such a manner so as to reduce the value of d ° 
a °This phenomenon has also been noted for of corn fields [8]. For the case of corn 
°this trend for a to decrease following a win was more marked as both frequency and 
the angle of incidence increased. Again this is the case for soybeans as can be seen 
In Figures 5 and 6. 
Figures 5 and 6 present a0 as a function of time as measured at angles of 
incidence of 500 and 700 respectively. Note that not only do and o show 
a marked dip on August 6 and 22 but also an August 2. From Figure 1 it is seen that 
while no rain was recorded in Lawrence on or shortly before August 2, the measured 
soil moisture showed that indeed it had mined at the observation site shortly before 
the August 2 data were collected. Furthermore it should be noted that the effect of 
the rain increases with both frequency and the angle of incidence. 
4.2 Temporal Variations of ao of Milo 
Figures 7 through 10 present the temporal variations of - -° and r
 
of milo at four angles of incidence at 8.6 and 17.0 GHz. If we compare the soil
 
a °
moisture history as shown in Figure 2 to the history as measured at 8.6 GHz at 
nadir (Figure 7a) it is apparent that soil moisture had a significant influence on ao 
as measured at nadir. 
4 
The estimated linear correlation coefficient between r (0- ) and soil moisture 
is 0.920 (0.956). If however we increase frequency tA,13.0 GHz the dependence 
°of an and a on soil moisture appears to have lessened. This is reflected in 
the values of the estimated correlation coefficients of the horizontally and verticaily 
polarized data which are 0.710 and 0.762 respectively. Finally at 17.0 GHz 
(Figure 7b) the correlation coefficients are 0.626 and 0.784. It is felt that the trend 
far the dependence of a (as measured at nadir) an soil moisture to decrease with 
Increasing frequency is the result of increasing attenuation, which increases with 
frequency, caused by the milo canopy. 
Figures 8 through 10 present the temporal variations of aa at the higher angles 
of Incidence and at the higher frequencies. The lack of any meaningful dynamic range 
at these angles and frequencies is one indlcation-that it Is quite difficult to develop 
a0any significant functional relationship between and any of the crop development 
descriptors. Efforts were made, however, to develop such relationshlps with little 
success being achieved. 
a°5.0 ANGULAR VARIATIONS OF OF SOYBEANS AND MILO 
This mction will briefly present the angular response characteristics of 
soybeans and milo as measured during 1974. The response as measured on three dates 
will be presented for each crop type along with a short comparison of these data with 
data collected in 1973 [8]. 
5.1 Angular Variation of a* of Soybeans 
Figures 11 and 12 present the angular variations of H0 of so en at 
8.6 and 17.0 GHz. From these figures it is again apparent that do shows little response 
to temporal changes at the higher angles of incidence. It is interesting to note,koweyer, 
that 	 00 as measured In the 60o-700 range is rather low. In Figure IIa for example
 
7-O between -16 and -19 dB at 8.6 GHz at 700. It isalso notable that at 8.6 Gir,
 
o-HO as measured at nadir an July 24 is about 8 dB higher than the remaining two 
values of a:-0 Since the soil moisture was quite low on July 24 as compared withH 0that as meaured on either June 27 or on August 22 it seems that the variations in aO
 
at nadir are significantly influenced by factors other than soil moisture. These factors
 
are probably the macro- and micro-geometry of the plant canopy.
 
5 
The same effect at nadir is also evident at higher frequencies (Figures 12a 
and 12b) although the curves of cr ° versus the angle of Incidence assume rather 
different characteristics from those at 8.6 GHz. This is certainly expected, however, 
since the canopy geometry, which isdescribed in terms of the signal wavelength, 
will vary with signal frequency. 
Figures 13 and 14 compare data collected in 1973 18] and 1974. These two 
sets were chosen to provide a mid-range value of canopy height and because of the 
very similar characteristicsof the two crops. The agreement between the 1973 and 
1974 data isgood, particularly at angles of incidence in the 100 through 60" range 
although o-° at 17.0 GHz shows disparity in the 3P through 600 range. 
a05.2 Anaular Variations of of Milo 
Figures 15 and 16 present the measured angular variations of and 
of milo as measured in 1974. Data are depicted as measured on three different 
a0dates during the growing season. In contrast to the angular response of of 
soybeans, the a0 versus angle curves show a trend toward convexity, particub rly 
at the higher angles of incidence and at the higher frequencies. In fact it is interest­
ing to note that the trends of a at 17.0 GHz are nearly Lambertian in nature. 
Figures 17 and 18 compare data collected in 1973 [8] and 1974 from two
 
milo fields. While the absolute agreement of these data is not quite as good as that of
 
°
soybeans, the trends in the response of o are certainly comparable in the 100 
°
through 70 range of incidence angles. 
6.0 CONCLUDING REMARKS 
1. Because of a lack of wide range of soil moisture data when the soybean 
canopy was immature it was not possible to determine the ability of the MAS 8-18 
to penetrate a soybean canopy. It was determined, however, that it is possible to 
penetrate a milo canopy with X-band signals and to make certain inferences as to the 
amount of moisture in the underlying soil. 
6 
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at frequencles of 8.6 GHz (9a) and 17.0 GH: (9b). 
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Figure 12. 	 Angular response of Fo (12o) and oV° (12b) of soybeans as measured at 17.0 GH:. Three 
curves are presented representing different crop conditlons which ore noted in the figure. 
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APPENDIX A: Ground Truth Summary for 1974 Soybeans 
Scattering Experiment. 
SOYBEANS GROUND TRUTH 1974
 
Date 
Soil Moisture (W/cmi) 















































































N = near range sample M­ medium range sample F­ far range sample 
APPENDIX B Ground Truth Summary for 1974 Milo Scattering Experiment. 
MILO GROUND TRUTH 1974 
Soil Moisture g/cm3 )
Date N M F 
July 12 .04 .04 .06 
July 18 .02 .02 .03 
July 25 .03 .03 .03 
August 1 .03 .03 .03 
August 7 .27 .26 .26 
August 19 .13 .11 .12 
August 21 .07 .09 .07 
August 29 .30 .32 .31 
September 17 .15 .15 .17 
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Averaged Sig m Soeww, June 27, 1974 
ANTENNA ANGLE 0 
FREQ 8.6 9.4 10.2 11.0 11.8 13*0 13.8 14.6 15.4 16*2 1t70 
FOL 1'4 -4.5 -6.4 -6.2 -4.8 -2.1 -2.2 -3.1 -2.0 -0.9 -k.3 -6.5 
FOL VV -2.4 -3.9 -2.5 -1.7 -1.2 -1.6 -1.5 0.6 0.4 -4.8 -5.0
 
ANTENNA ANGLE 
FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
POL H1 -9.6 -9.9 -8.9 -794 -8.7 -5.9 -6.5 -5.2 '4.0 -5.2 5.6 
FOL VV -8.8 -8.5 -7.6 -6.4 -7.2 -6.0 -4.S -3.8 -3.2 -5.9 -5.3 
ANTENNA ANGLE 
FREG 8.6 9.4 10.2 11.0 11.8 13.6 13.8 14.6 15.4 16.2 17.0 
FOL 1-1- -10.6 -9.8 -9. -6.9 -7.2 -7.9 -10.9 -8.1 -5.5 -7.8 -9.6 




FREQ 8.6 9.4 10.2 11.0 ±1.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL HF -11.8 -10.9 -10.5 -10.6 -9.0 -10.4 -10.2 -9.7 -8.1 -10.6 -±1.3
 




FREG 8.6 9.4 10.2 11.0 11.8 11.0 13.8 14.6 15.4 16.2 17.0
 
FOL H4 -13.3 -13.7 -11.4 -11.4 -10.4 -10.6 -11.7 -10.7 -10.0 -12.1 -1*7
 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL HH -14.2 -14.5 -ii.! -12.7 -12.0 -11.8 -11.9 -11.4 -11.0 -13.7 -13.3
 
FOL VV -11.9 -12.3 -I.'. -11.4 -10.1 -9.3 -9.3 -97 -8.8 -11.1 -10.2
 
ANTENNA ANGLE 
FREG 8.6 9.4 10.2 11.0 1,8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL HF -16.5 -15.9 -14.S -14.4 -14.G -13.3 -13o6 -13.4 -12.9 -14.2 -14.3 
FOL VU -13.8 -13.4 -13.0 -12.8 -12.2 -10.7 -11.4 -107 -11.3 -12.8 -11l4
 
ANTENNA ANGLE 
FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL HN -18.5 -17.8 -tb.S -16.0 -15.5 -15.2 -15.7 -14.9 -14.4 -±6.0 -15.9 












Averaged Stgma Soybeas, July 3, 1974 
ANTENNA ANGLE 0 
FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.6 14.6 Is.5 16.2 17.0
 
;OL HI- -4.7 -6.0 -6.1 -8.6 -5.6 -5.4 -7.0 -5.3 -3.6 -5.8 -6.1
 
POL VV -6.1 -6.7 -6.4 -7.9 -5.8 -2.9 -3.2 -0.2 -1.9 -3.6 -3.0
 
. ANTENNA ANGLE 

FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL HI4 -10.0 -11.5 -7.4 -6.8 -6.0 -7.0 -7.0 -6.4 -6.6 -8.3 -8.8
 




FREG 8.6 9.4 10.2 11.0 t1. 13.0 13.8 14.6 15.4 16.2 17.0
 
POL HH -To6 -9.6 -8.5 -8.5 -6.8 -8.2 -9o4 -6.4 -7.2 -9.8 -10.0
 




FREC 8.6 9.4 10.2 ii.0 11.8 13.C 13,8 14.6 15.4 16.2 17.0
 
POL HP -10.i4 -11.5 -9.4 -*.4 -8.7 -8.8 -9.1 -7.1 -6.8 -9.1 -10.4
 




PREC 8.6 9.4 ±0.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
VOL HH -12.1 -12.5 -10.8 -10.3 -10.4 -8.6 -8.9 -8.3 -6.8 -9.? -11.4
 




FREG 8.6 9.4 10.2 1140 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL HN -12.9 -11.7 -11.0 -11.2 -10.4 -10.3 -11.0 -10.5 -10.0 -12.0 -12.0
 
POL VV -11.1 -12.1 -9.5 -10.2 -9.6 -8.2 -8.4 -8.2 -8.2 -9.9 -9.1
 
ANTENNA ANGLE 
F.REQ 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL 1- -14.1 -13.8 -iZo -12.6 -12.2 -11.5 -12.4 -11.4 -11.0 -13.0 -13.2 




FREC 8.6 10.2 11.8 13.0 13.8 14.6 1 1,2 17.0
 
FOL HP -17.0 -16.6 -15.4 -14.9 -14.0 -13.4 -14.1 -13.5 -13.0 P14.6 -14.6 
FOL VV -15.1 -14.5 -13.6 -13.1 -12.4 -11.8 -11.7 -11.0 -11.3 -13.1 -11.8 




Averaged Sigmac Soybem July 9, 1974 
ANTENNA ANGLE 0 
FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
POL $4 2.E 1.6 6.5 6.4 5.4 492 3.4 3.9 5.0 2.6 1.3 
FOL VV 4,0 2.9 7.5 7.3 7.6 6.1 5.6 5.o so 5.6 4.2 
ANTENNA ANGLE 10
 
FREG 8.6 9.4 10,2 11.0 i18 13.0 13.8 14,6 15.4 16.2 1t0
 
FOL PP -5.0 -8.6 -3.8 -3.9 -5.5 -2.7 -4.1 -4.7 -2.5 -5.8 -5.6
 




FREG ,*6 9.4 10.2 110 1.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL 1-9 -9.7 -8,7 -8*3 -5.9 -6.4 -5.5 -7.2 -6.4 -6.1 -7.0 -7*5
 
FOL VV -8.8 -7.9 -7.5 -5.6 -5.7 -4.2 -5.4 -4.8 -4.7 -6.0 -5.5
 
ANTENNA ANGLE 30 
FREQ 8.6 9.4 10.2 11.0 11.1 13.0 13.8 14.6 15.4 16.2 17' 
FOL HH -9*0 -10,5 -, - 77 -76 -83 -759 -65 -7*5 -9*0 




FREC 8.6 9.4 10.2 11.0 1.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL P-P -1.9 -11,6 -11* -1O0 -10.8 -8.6 -9,6 -8.6 -9.0 -*9 -10.2
 
FOL V -10.9 -10.3 -9.0 -9,0 -8.7 -7.2 -7,2 -7.1 -6.9 -8.1 -8.1 
ANTENNA ANGLE 50
 
FPE 8,6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.I4 16.2 17.0
 
FOL H- -13.2 -12.9 -11.8 -11.9 -10.8 -10.5 -10.8 -9.8 -9.4 -10.4 -11.5
 
FOL VU -1ieS -11.7 -iO.2 -10.0 -9.1 -8.0 -7.9 -7.5 -8.1 -9.5 -8.3
 
ANTENNA ANGLE 60 
FREG 8.6 9.4 10*2 11.0 11.8 13.0 13.8 14.6 i5.4 16.2 17.0 
FOL hi -14.8 -14.0 -13.1 -13.3 -12.8 -11.8 -12.2 -11.7 -11.5 -12.1 -12.1 
FOL VY -13.6 -13 9 -12.6 -11.6 -10.9 -10.2 -10.3 -9.5 -9.9 -10.9 -10.6
 
ANTENNA ANGLE 7 
FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15, 16.2 17.0 
FOL HI- -17,i-16*6,-5. -15.1 -14.5 -14.2 -14.5 -14.0 -13.4 -14o8 -15.0 
FOL VV -i5.6 -15,2.-14o2 -13.9 -13*2 -12.2 -12.3 -11.3 -12.2 -13.0 -12.3
 











Averaged Sigmao Soybean, July 15, 19740 
ANTENNA ANGLE 0
 
FRE0 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL HI- 4.7 4.0 5.3 3.8 4.2 4.6 3.3 3.9 2.3 1.5 1.5'
 
FOL V% 6.6 6.3 7.c 505 5*9 5.0 4*.1 3.5 2.2 0.6 0.6'
 
ANTENNA ANGLE 
FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14*.6 15.4 16.2 17.0 
FOL Hi- -6.4 -7.1 -6.4 -5*5 -5.5 -4.1 -4.7 -44.-3.3 -4.6 -4.6 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL h- -8.4 -7.8 -8.1 -6.6 -5.5 -6.3 -6.8 -6.2 -5.3 -6.3 -6.3,
 
POL VV -6.7 -7.1 -74 -.59 -5*0 -4*8 -5.3 -4.6 -4.3 -5s7 -5*74 
ANTENNA ANGLE 
FREC 8.6 9.4 10.2 f1.C 1.8 13R.1 13.8, 147 15.4 16.2 17.0 
POL HH -9.9 -10.0 -8.3 -8.6 -7.e -6.9 -7.5 -7.5 -5.9 -7.1 -7?j# 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 10.2 17.0
 
FOL HN -10.5 -10.6 -10.1 -10.0 -8.4 -8.3 -9.2 -8.3 -7.5 -8.3 -83'
 
FOL V% -9.4 -10.2 -8.4 -9*.0 -8.0 -7.0 -7.0 -5.5 -5.7 -7.4 -7.4'
 
ANTENNA ANGLE 
FREC 8.6 9.4 10.2 11,0 11.8 13.0 13.8 4oE 15.' 16.2 17.0 
FOL NH -12,2 -12.3 -11.3 -11.3 -9.5 -9.Z -9.7 -9.7 -10.0 -110 -10.0' 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14*6 15.4 16.2 17.0
 
POL FI -14.5 -14.5 -13.7 -12.5 -12*2 -11.3 -11.8 -11.3 -10.7 -12.4 -12. '
 
POL VV -12.8 -13.8 -12.? -12.0 -10.4 -10.0 -10.2 -9.1 -9.6 -10.8 -10.8'
 
ANTENNA ANGLE + 
FREC 8.6 9.4 10.2 11.0 ±1.8 13.0 13.8 14*6 15.4 16.2 17.0
 
FOL Hi- -16.4 -16.2 -15.4 -1494 -13.5 -13.5 -14*4 -11.6 -12.3 -13.8 -13.38
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Aver ged Slgm= Soybeam, July 19, 1974 
ANTENNA ANGLE 0 
FREC 8.6 9.4 18o2 ±1.0 11.8 13.0 13.8 14*6 15.4 16.2 17.0 
FOL HP O. 1.2 9.5 -0.5 1.6 3.a 3.3 4.3 5.9 2.3 2.3 
FOL VV I.E 0.3 0.7 0.5 2.8 3.0 4.0 5*1 4o2 2.6 2.&6 
ANTENNA ANGLE 
FREQ 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL HI- -7.2 -6.o -5.e -2.4 -3.5 -5.0 -5.1 -4.b -3.3 -5.0 -5.0' 
FOL VV -6.6 -5.5 -4oE -5o -3.4 -3.1 -3.2 -2.7 -2.9 -3.5 -3.5' 
ANTENNA ANGLE 
FREe 8.6 9.4 10.2 11.0 i1.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL HF -8.4 -8.1 -7.2 -6.5 -6.1 -4.8 -5.7 -6.1 -4.9 -5.9 -5.9' 
FOL VV -7*7 -8.0 -5.9 -5.9 -4.6 -4.1 -4*.0 -3.8 -4#.5 -5.7 -5.7 
ANTENNA ANGLE 
FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14*.6 15.4 16.2 17.0 
FOL P14 -9.3 -9.1 -8*. -7#5 -7.2 -6.0 -6.7 -7.2 -5.7 -6.9 -6.9' 
FOL VV -9.0 -8.7 -7.5 -7.0 -5.5 -4*.4 -5.1 -4.5 -5.3 -6.1 -6.1' 
ANTENNA ANGLE 
FREO 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL 1-1 -10.7 -10.1 -9.5 -8,7 -8.0 -7.9 -6.2 -7.0 -7.0 -8.3 -8.3' 
FOL VV -9.7 -8.8 -9.G -7.8 -7.0 -5.6 -5.8 -'.6 -4.5 -6.2 -6.2' 
ANTENNA ANGLE 
FREG 8.6 9.4 ±0.2 11.0 i1.8 13.0 13.8 14.6 15.4 16.2 1t.0 
FOL F1 -12.1 -11.5 -10.7 -10.2 -9.3 -8.8 -9.9 -8o9 -7o9 -9.2 -9.2' 
FOL VV -11.2 -11.0 -9.5 -8.7 -7.9 -6.5 -6.5 -5.5 -6.4 -7.7 -7.7 
ANTENNA ANGLE 
FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL H1* -13.9 -13.9 -12.7 -12.0 -11.2 -10.7 -11.1 -10.4 -9.9 -11.2 -11.2' 
FOL VV -12.4 -12.2 -11.2 -10.8 -9.5 -6.9 -7.0 -S.? -6*e -7.5 -7.5'
 
ANTENNA ANGLE 
FREQ 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17*0 
FOL hi- -16.3 -15.8 -14.7 -14.0 -13.3 -12.8 -13.4 -12.2 -12.3 -13.0 -13.0' 












Averaged lljiio Soybeau, July 24, 1974
 
ANTENNA ANGLE 0 
FREG 8.6 9,4 10.2 11.0 11.8 13.0 13.6 1496 19o4 16.2 17.0. 
FOL H14 3.8 2.4 5.0 3.7 4.6 .3 4.1 3,4 5.5 1.9 2.2 
FOL VV 4.4 3.6 5.7 5.0 5.1 4.5 5.1 4.9 .2 3.4 4.,
 
* 	 ANTENNA ANGLE 
FREQ 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL PP -7.5 -7.7 -5.6 -45 4*9 -5.9 5.2 -4.1 3.1 -5.3 -542 




FREG 8.6 9.4 10.2 11,0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL H1h -9.4 -8.6 -7.5 -7.2 -9.1 -7.0 -6.4 -6.3 -5.3 -6.3 -6.8
 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL -1 -9.2 -9.9 -8.3 -8.6 -7.5 -7.8 -6.8 -7.0 -5.6 -7.8 -7.5
 




FREQ 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.o4 16.2 17.0
 
FOL MH -11.1 -10.9 -9.3 -9.1 -7.9 -6.7 -6.2 -8.2 -6.4 -8.0 -8.4
 




FREC 8.6 9.4 10.2 11.0 ±1.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL HH -11.5 -10*9 -10.4 -10.1 -9.7 -10.3 -10.3 -9.8 -8.2 -9.6 -9.5
 
FOL VV -10.3 -11.1 -10.1 -9.9 -8.6 -9.2 -8.0 -7.? -7.' 1-8.8 -7.2 
ANTENNA ANGLE 
FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14*6 15.4 16.2 17.0 
FOL 1H -13.4 -12.6 -12.0 -11.6 -11.1 -11.9 -11.1 -11.0 -9.5 -11.4 -11i4 
POL VV -12.3 -12.3 -11.2 -10.8 	-10.0 -10.6 -9.3 -8.7 -8.7 -10.0 -893 
ANTENNA ANGLE 
FREG 8.6 9.4 10.2 11.0 11.8 13.0 13,8 14.6 154 16.2 17.0 
FOL HH -16.0 -15.8 -14.8 -14.0 -13.6 -14*.1 -13.6 -13.2 -12.3 -13.5 -13.6 











Averaged Slgmac Soybeans, July 26, -1W4
 
ANTENNA ANGLE 0 
FREC 8.6 9.h 10.2 11.0 11.8 13.0 13.8 14,6 15.94 18.2 17.0 
FOL 9-1 4.7 2.2 2*0 1.0 2.4 4.7 6.3 7.8 9.02.e 6.3 





FREC 8.6 994 10.2 11.0 118 13.0 13.8 14.6 15l4 16.2 17.0
 
FOL H4 -7.4 -6.9 -4.9 -5.8 -5.2 -3.8 -2.8 -4*7 -2.4 -4*2 -4.3
 




FREG 8.6 9e4 10.2 11.0 11.8 13.0- 13.8 14.6 15.4 16.2 17.0
 
FOL HP 
 -8.2 -7.7 -6.0 -6.5 -5.0 -5.9 -5.2 -5.5 -3.9 -9.7 05.0 
FOL VV -7.6 -7.4 -6.5 -5.3 -4.5 -5ol -3.5 -3.7 -3.3 -4.5 -3.4 
ANTENNA ANGLE 
FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14a6 +154 16.2 17.0
 
FOL 1s -9.1 -9.2 -8.3 -7.7 -7.e -7.0 -6.8 -6.8 -4.8 -6.4 -6.4
 




FREC 8.6 9.4 10.2 11.0 118 13.0 13.8 14.6 15.4 16,2 17.0
 
POL HN -10.0 -10.6 -8.7 -8.5 -7.8 -7.7 -7.7 -7.4 -5.8 -7.3 -7.0
 




FREQ 86 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL H1- -li. -11.7 -9.t -*,4 -9.4 -9.6 -9.3 -8.3 -7.3 -8.4 -7.8
 




FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16,2 17.0
 
FOL H1- -13.1 -13.2 -11.8 -10.9 -10.5 -11.3 -10.8 -10.8 -9.2 -10.7 -10.3
 




FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 18.2 17.0
 
FOL 1F -15.2 -15.1 -14.3 -13.1 -13.0 -13.1 -12.4 -12.2 -11.1 -1241 -11.7
 











Averaged Sigmac Soybean, Augmt 2,1974 
ANTENNA ANGLE 0 
FREG 8.8 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.1 
FOL NH O.L -1.8 -0.8 -0.9 0.7 -0.7 -1.3 -0.8 0.1 -1.6 -1.3 
FOL V% 1.9 -0.8 0. -0.4 -0.'. -1.1 -0.9 -0.8 -0.7 -1.7 -0.2 
ANTENNA ANGLE 
FREG 8.e 9.4 13.2 11.0 11.8 13.C 13.8 14.6 15.4 16.2 17.0 
FOL HH -5.1 -5.6 -4.5 -4.7 -5.0 -5.? -5.0 -4.? -2.2 -5.5 -4.4 
FOL VV -4.4 -4.7 -4o6 -4.7 -4.3 -4.5 -3.6 -3. -3.4 -4#5 -2.3 
ANTENNA ANGLE 
FREC 8.e 9.4 10.2 11.0 11.8 13.0 13.8 14.E 15.4 16.2 17.0 
FOL P14 -7.2 -7.5 -7.2 -6.7 -5.4 -6.9 -6.4 -5.8 -4.9 -6.1 -5.7 
FOL VV -6.4 -6.9 -6.6 -5.7 -4.5 -5.2 -4.5 -4.1 -4.2 -5S -3.1 
ANTENNA ANGLE 
FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
POL Hl' -8.4 -8.8 -8.4 -77 "7.5 -8.3 -7.9 -6.9 -5*9 -7.8 -6.6 
POL Vv -7.1 -7.6 -6.3 -6.8 -5.8 -6.2 "4.8 -4.4 -4.5 -6,2 "3.9 
ANTENNA ANGLE 
FREC 8. 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15l4 16.2 17.0 
FOL HH -9.7 -9.9 -9.1 -8.8 -8.7 -8.6 -6.7 -7.9 -6.8 -6.4 -7.6 
FOL VV -8.3 -8.9 -77 -7.7 -7.2 -7.3 -6.5 -5.9 "4.9 -7.1 -4.5 
ANTENNA ANGLE 
FREC 8.6 9.4 10.2 11.0 11.8 13.0 138 14*.6 15.4 16.2 17.0 
FOL HI" -11.2 -11.6 -10.6 -10.3 -9.6 -10.3 -10.2 -9.5 -8.6 -t0.3 -9.4 
FOL VV -9.6 -10.5 -9.5 -S,3 -8.7 -9.0 -8.1 -7.0 -7.4 -8.7 -6.2 
ANTENNA ANGLE 
FREC 8.E 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL HH -13.1 -13.3 -12.8 -12.2 -11.5 -12.2 -12.3 -lt.4 -10.6 -12.1 -11.3 
FOL VV -11.7 -12.3 -11.0 -10.7 -10.4 -10.8 -10.0 -9.0 -e.9 -10. -8.1 
ANTENNA ANGLE 
FRED 8.6 9.4 10.2 11.0 1148 13.0 13.8 14.6 15.4 16.2 t4a 
FOL Hl- -15.6 -15,4 -15.1 -14.7 -13.9 -14.4 -14.2 -13.6 -14.5 -13.5 
FOL Vv -13.9 -14.2 -13#4 -13.1 "12,3 -12.6 -12.0 "1of3A -12.7 -9#9 
C-8 




FREG 8.6 9.4 10.2 11.0 l.0e 13.0 13.8 14.6 15.4 16.2 17.0 
FOL FF 1.0 0.3 1.7 0o -0. -0.7 1.1 1.2 2.7 -0.8 -1.3 
FOL VV 2.5 1.3 1.6 0.1 0.5 1.2 2.3 2.3 2.0 -1.3 -0.*5 
ANTENNA ANGLE 10 
FREC 8.6 9.4 10.2 11.0 ±1.8 13.0 13.8 14.6 15.4 16.2 17.0 
* 	 FOL HI -6.6 -7.0 -6.5 -6.4 -6.2 -6.8 -7.3 -5.7 -4o6 -6.9 -7.5 
FOL VV -4.7 -6.4 -5.0 -4.7 -4.5 -6.1 "4.8 -5.1 -4.0 -6.0 "5.6 
ANTENNA ANGLE 20
 
FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 ±7.0 
FOL F -7.C -$.1 -8.3 -7.5 -7.2 -7.9 -8.1 -6.7 -7.0 -8.60 -62 
FOL VV -6.7 -7.3 -6.5 -7.0 -6*6 -6.3 -5.Z -5.0 -5.2 -6.1 -5.8 
ANTENNA ANGLE 30 
FRED 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14*.6 15.4 16.2 17.0 
FOL Hh -i&.0 -10.0 -9.2 -8.6 -9.0 -9.6 -8.9 -8.9 -7.6 -9.6 -10.5 
FOL V% -7.7 -8.4 -8.2 -8.1 -6.8 -7.7 -6*3 -6.4 -6.4 -7.4 -6.3 
ANTENNA ANGLE 40 
FREG 8.6 9.4 10.2 11.0 ±1.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL HP -11.0 -11.0 -10.0 -10.4 -9.4 -10.5 -10.3 -10.8 -9.2 -11.2 -11.1 
FOL V% -9.4 -9.2 -8.5 -9.2 -8.8 -8.8 -7.7 -7.5 -8.0 -9.2 -7.3 
ANTENNA ANGLE 50 
FRED 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 ±6.2 17.0 
FOL HI -12.8 -13.6 -12.e -12.4 -12.3 -12.6 -12.6 -12.6 -11.6 -13.3 -12.5
 
FOL VY -11.2 -±1.2 -10.5 -10.6 -10.6 -10.8 
 -9.3 -9.6 - -8.8 -10.8 -9.6 
ANTENNA ANGLE 60 
FREG 8.6 9.4 10.2. 11.0 11.8 13.0 13.8 14w6 15.4 16.2 170. 
FOL F- -15.2 -15.4 -15.2 -14.6 -14.4 -15.2 -15.2 -14.9 -13.9 -15.3 -15.6 
FOL VV -13.1 -13.8 -12.8 -12.7 -12.3 -13.5 -12.2 -12.1 -12.3 -13.3 -11.9 
ANTENNA ANGLE 70 
FRED aoe 9*4 10*2 11*0 11,8 13.0 13*8 14*6 15*4 16*2 1790 
1S8-i-17.e 
VOL VV - -15.2 -15.7 -14.7 -14.7 -14.7 -16.0 -±4.5 
fOL hF - 8.3 -18.0 -16.9 -±8.1 -17.9 -17.4 -16.7 -18.1 -18.0 










Averaged Sign Saybem, Augst 9, 1974 
ANTENNA ANELE 0
 
FREG 8.6 9.4 10.2 110 11.8 13.0 13.8 lk. 15.4 16,2 17.0
 
FOL Hl- 2.0 -0.3 0.4 0. 0.9 -1.7 -0.7 -0.9 -0.8 -1.7 -3.5
 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16oZ 17.0
 
FdL hI- -7.0 -8.3 -8.1 -7.9 -8.0 -6.6 -6.6 -6.8 -6.0 -7.6 -6.9
 




FREQ 8.6 9.4 10.2 11.0 11.8 13.0 138 14.6 15.4 16.2 17.0
 
FOL HH -7.4 -8.9 -S.C -7.8 -6.6 -7.8 -6.9 -6*4 -5.5 -8.3 -717
 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL NH -9.0 -10.4 -9.1 -8.8 -9.0 -8.4 -8.7 -7.7 -7.9 -9.0 -8.0
 




FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 ±5.4 16.2 17.0
 
FOL hi- -11.0 -11.7 -10.8 -10.4 -10.1 -10.5 -10.7 -9.6 -8.9 -10.6 -10.0
 




FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15,4 16.2 17.0
 
VOL NH -12.7 -14.0 -12.8 -12.7 -12.3 -12.7 -12.7 -12.5 -1.7 -13.0 -12.7
 




FREQ 8.6 9*4 10.2 11.0 11.8 13.0 13.1 14.6 15I4 16.2 17.0
 
VPOL hf- -15.1 -15.5 -15.4 -15.1 -15.0 -15.5 -15.3 -15.2 -14.2 -15.3 -15.1
 




FQEC 8.6 9.4 10.2 11.0 i1.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL H -18.2 -18.8 -18.6 -17.8 -17.5 -17.9 -18.2 -17.2 -16.6 -18.0 -16.5
 
FOL VV -15.6 -164 -1.*- -16I4 -15.3 -±5.6 -14.3 -14.4 -14#5 -15.8 -13.9
 
C- 10 
Averaed Sgnmao Soybeam, Augwt 20,1974 
ANTENNA ANGLE 0 
FREC 8.6 9.4 10.2 11.0 L.S 13.O 13.8 14.6 15.' 16.2 t7.0 
FOL HP -1.6 -3.1 -2.9 -1.7 -2.0 -2.6 -2.9 -2.1 -0.3 -1.8 -2.3 




FREQ 8.6 9.4 10.2 11.0 1.8 13,0 13.8 14.6 15.4 16.2 17.0
 
FOL HI- -5.5 -6.*4 -5.6 -5.& -5.0 -5.7 -5.6 -4.9 -4o2 -5.9 -5%7
 




FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 l4.6 15.4 16.2 17.0
 
FOL HF -7.3 -7.9 -7.2 -6.6 -6.4 -6.2 -6.2 -4.9 -4.3 -5.8 -5.8
 




FREC 8.6 9.4 10.2 11.0 11.8 13,C 13.8 14.6 15.4 16.2 17,0
 
FOL HP -8.3 -8.8 -8.0 -7.4 -7.1 -7.5 -7.0 -6.7 -5.7 -7.6 -7.3
 




FREG 8.6 9,4 10.2 11.0 11.8 13.0 13.8 14*6 15.4 16.2 17.0
 
FOL H -9.8 -10.0 -9.6 -9.0 -8.5 -8.7 -8.7 -8.2 -7.0 -8.5 -8.6
 




FREQ 8.6 9,4 10.2 11.0 11.8 13.0 13.8 14.e 15.4 16.2 17.0
 
FOL H -11.2 -11.4 -10.6 -10,1 -9.8 -±2.3 -1C.2 -9.5 -8.4 -±0.0 -9.8
 




FREC 8.6 9.4 10.2 11.0 1.8 13.0 13.8 14.6 15.4 16.2 ±7.0
 
FOL MH -12.4 -12.7 -12.0 -11.8 -11.3 -11.8 -11.5 -10.7 -10.0 -11.2 -11.2
 
FOL VV -8.7 -9.6 -9.1 -8.7 -8.2 -9.0 -8.0 -7.7 -7.94 -8.6 -7.4 
ANTENNA ANGLE 70 
FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.. 16.2 17.0 
.FOL P -15.0 -15.2 -14.E -13.6 -13.5 -13.5 -13.7 -12.9 -12.3 -13.2 -13.3 
FOL VV -10.7 -11.6 -10. -10.9 -10.4 -i1.0 -9.8 -9.8 -997 -10.9 -9.5 
C-11
 
OfjIIYZ PAGE IS 
OFOP.QUALIT 




FREQ 8.6 9.4 10*2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL h04 -3*3 -3.0 -3.2 -3.2 "4.0 -3.3 -3.4 -2.5 -4.1 -4.4
a4*3 





FREQ 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.I4 16.2 17.0
 
FOL HI- -5.6 -6.0 -S. -6.0 -5.3 -5.8 -4.? -5.0 -2.9 -5.3 -4.8
 




FREQ 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL Fl- -7.0 -7.8 -7.5 -6.1 -7.1 -6.7 -6.3 -6.1 -5.4 -6.5 -7.?
 
POL VV -6.3 -6.4 -6.0 -5.6 -5.5 -5.1 -3.9 -".0 -9.4 -6.4 -4.9
 
ANTENNA ANGLE 30 
FREC 8.e 9.1 10.e 11,0 11.8 13.0 13.8 14.6 15.4 16.2 17.0 
FOL HH -8.5 -10.0 -8.5 -7.5 -8.6 -9.2 -8.5 -0.0 -6.7 -8.1 -8.5 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL PI -10.8 -11.5 -10.6 -5.7 -10.1 -10.5 -9.8 -8.7 -7.5 -9.7 -10.0
 




FREC 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL H- -13.34 -12.9 -12.3 -11.6 -11.1 -11.9 -11.8 -12.0 -10.6 -12.2 -12.1
 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL H- -15.1 -15.8 -14.6 -14.0 -13.S -13.8 -14.1 -13.5 -12.6 -14.1 -13.8
 




FREG 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14.6 15.4 16.2 17.0
 
FOL MF -17.3 -17.2 -17.1 -16.0 -16.2 -16.4 -16.1 -15.4 -14.7 -15.5 -15.3
 
















FRE@ SC6 9.4 l0t2 11;0 11,1 13.0 13,8 14,6 15,4 16,2 17.0
 
POL NH -9V9 -9.0 -6.1 -6;9 -6,8 
-4e7 -4,1 -4#1 -40 Ot2 7#,7




FREQ 4,6 9.4 10.2 110 118 13.0 13.8 j4, 15,4 36t2 1710
 
POL NH -105 -11.3 -8.4 -7o'9 
 -7o7 -7,3 -5,8 -540 -5,7 -7w3 -116POL VY 0.5 -0.6 -9.2 -0!5 -4*5 -2.0 -3,4 2,4 -4s7 x790 79.9 
ANTENNA ANGLE 
FREG 866 9.4 10.2 11.0 11.8 13.0 13.8 14,6 154 362 17,0 
POL MH -129 -10.3 -8,9 "9.1 -6,7 -6#5 -7o4 -7,4 -495 17t2 -. 0





FREG 13, 14,6 15,4 )612 b7t0
4v6 9.4 10.2 110 11.0 3.0 

POL NH -107 -11.8 .9.4 -11.1 
-8.7
-9,8 
-8.4 -7o6-,5 :8,3 "92
 




FREE 614 9q4 
 10.2 11O 11. 13.0 1;.8 14 04k 35.4 $6,2 17,0 
POL NH -13 1 -1194 -11,8 v9.;4 -9. -8,4 -9,4 -9,0 -8.1 u6,5 -7.8POL VV -11. -10,3 





 8t6 9,4 10.2 11fg 11.8 13.0 13.6 14,6-0,4 16t2 17,g
 
POL NH 
 -i4? -12.2 -10.4 -11.0 -11.0 -9,2 -9,8 -9,3 -8,8 m9,o -o.
 
POL VV -1.3 -11.7 -9.2 -9,5 -8,4 -7.4 -7#4 -71. -7.1 "1, ' ,7 
ANTENNA.ANGLE 
FREE 8,6 9.4 10.2 11&0 11.6 13.0 13,8 14,6 15t4 38%2 17.0 
POL NH -14W2 -13.9 -13.5 -12.0 -11.5 -10.9 -11,2 -10,4 %I0,2 '118 -1;,, 
POL VV -12v2 -12.9 -11.0 -1005 -9.4 -8,4 -. 6 .- 7#9 '8,4 :9.5 ' .3 
ANTENNA ANGLE 
FREQ 8.6 10.2 11.9,4 11.0 
 13.0 13.8 1416 &5t4 S6,2 17?
 
POL NH 










Averaged Sigmao Milo, July 18, 1974. 
ANTUNNA.ANGLE 0 
FREQ 8,6 9.4 10.2 11;0 11,8 13.0 13.8 14,6 15.4 36t2 17.O 
POL NH r78 -9.1 -7#5 *6;5 -7,0 -4#5 -5.0 -5,8 w3.9 15,3 -5,3POL VV -6w6 -8.2 -7,5 
-77 -4,7 -5,2 -2,9 -3.7 -4.1 75, .1 
ANTENNA ANGLE 
fREG 8,6 9.4 10.2 11,0 11.5 13,0 13.8 14,6 1#4 4t2 17#0 
POL MH P93 -9.3 -8#0 -8.0 -7,6 -6#2 -7,1 -606 .5,6 -7.4 -794
POL VV r 8 tl -8.4 -5.6 -840 -6.6 "5.O -50 -4#2 .5.7 T6#4 ;§f4 
ANTtNNA ANGLE 
FREg 86 9.4 10.2 11.0 11.5 13.0 13,6 14,6 j$54 4612 17, 
POL NH r9ri-10,0 -9,3 -8,8 8.l -6.5 -7,8 7s2 -4#7 vT*s -Is% 
POL VV -9i2 -9.6 -8.7 -7.7 -6.5 -6v2 -5.3 -5#0 .4.9 w0.2 -. 2 
ANTENNA ANGLE 
FREE Ot6 9.4 10.2 11.0 11.5 $3.0 13,5 14,h $154 3602 37,0 
POL NH -9.7 -10.7 -8.6- -9.7 -9.3 -7s7 -8.2 -7,0 -6#6 w7.7 -. 7 
POL VV -8.3 -9.3 -7 t6 -8:0 -7#3 -6.2 -5,7 -4,8 -9,3 9.68 f#4 
ANTENNA ANGLE 
FREe 8,6 9.4 10.2 11'0 _1.61 13.0 138 14s.6 J ,4 312 17o0 
POL MH -10.6 -11.7 -9.9 -10.1 -9#5 -9.1 -9,4 -8,2 -6,9 Oil -Oil 
POL VV -9,4 -9#5 -8,2 -8.5 -7,8 -7s6 -5,6 -,t .-53 ,712 -,2 
ANTINNA ANGLE 
FREQ 
 8i6 9.4 10.2 11;0 11.8 13.0 13.8 14o _15.4 36,2 1t.0 
POL HH -12j4 -11.7 -11.4 -10.9 -10,3 -10.1 -10,4 .4 -8,1 v918 7!18 
POL VV -10.1 -10.8 -9,1 -104 -8.7 -8.4 -73 *6,0 690 8.0 !9!.6 
ANTENNA ANGLE 
FREg 896 9,4 10.2 11f0 11.8 13,0 13,8 14,6 15.4 18 t 2 17,0 
POL WH -12il -12.5 -11.8 -11:5 -±1.3 -$0.8 -±0,8 -9S -9,3 *30;3 -%0,3 
POL VV -11,1 -11.2 -10.2 -10'03 -9.3 -8.9 -7.9 -7,1 7,5 -6.2 00.2 
ANTENNA ANGLE 
FREG 846 9.4 10.2 11;0 11,8 13o0 13t8 14.9 134 3012 17,0 
POL WH -14,9 -14.6 -14.0 -1342 -13.2 -12,8 -12.8 -119 fll,0 w12,4 -4#4 
POL VV -*3,8 -13.5 -12.7 -12.2 -±1.6 -10.9 si0,1 -903 -9&4 390.7 s1Q.7 
D-2
 
i *i . :* i ... J I :P jI E i ~ii~i!i~~! ii iii 
Averaged Sigmao Milo, July 25, 1974 
ANTENNA ANGLE 0
 
FREe 8.6 9.4 10.2 11.0 11.8 13.0 13.8 14,6 15,4 l02 17,0
 
POL WM -8y6 -10.9 -8,6 -7.9 -7, -8,6 -6.0 
 -70 -6,0 704 -5*7




FREG 0,6 9.4 10.2 11.0 11,8 13.0 
 13,8 14,6 i5.4 $642 17tO
 
POL NH P97 -10.7 -910 
 -8;5 -7,5 -9,2 -8.8 -70 *5,7 474 :70 
POL VV -40 -9.0 -7.6 -7-2 -6,1 6,8 -6,5 ft4j2 6,5 -6, q3 
ANTENNA ANGLE 20 
FREe 8#6 9.4 102 11;0 1196 13,0 13,8 146 15.4 162 37#0
 
POL 4 -1014 -10.4 -9.8 -996 -7,6 -9t0 -8,4 -7,3 -7,3 'IX7 v#10
POL VV -Owl 




FREC 86 9.4 10.2 110 118 13.0
. ur 14.6 45,4 3se2 ;,0
 
POL NN -11,7 "12.0 -1.0 -100"7 -9,7 -0.4 
-9,4 -9,7 -7,1 -it4 '9,6
POL VV -1040 -10.8 -7,8 -941 -7.8 




FREe 816 9.4 10.2 11,0 11#, 43.0 13,8 14,6 15,4 16&2 XZ'.
 
POL 1N -1j,9 -12.2 -11.3 -1044 
 -9,3 -10.4 -9,7 -9,2 -8,3 -10,2 '9o.
POL VV -10.4 -10.9 -9,3 -89 -8.5 -9,0 -7,5 -7#2 463 183 '0,5
 
ANTENNA ANGLE 50 
FREe 8,6 9t4 10,2 1i10 11, 13.0 t;,8 141, 15, 4 18*2 4b0 
POL NH -133r-12.6 
-115 -113 -11.4 -1,8 -11,6 -10,9 -0,3 '1,3 -'Q,2POL VV -110 -120 -10,1 -111 ,P O5.1 "813 _-4,9 783 : Q 
ANTENNA ANGLE 60
 
FREQ 8.6 9.4 10.2 11.0 11.8 13,0 13.6 14,6 j5.4 36,2 tO
 
POL NH 
 -1441 -14.1 r13,3 -127 -12,0 -43,0 -12,8 -1202:10,6 *12,4 -;t3 
P01 VY -130-13.0 -12t0 -11.3 -11,0 -10,8 -10.2 -9#4 -8,9 -104 "9.3 
ANTENNA.ANGLE 70 
FREe 1#6 9.4 10.2 1130 1ia 13.0 13.8 14,6 15,4 16%,2 37,Q 
POL NH -16,2 -16.2 -l4,8 -1413 -13,8 -1,9 -14,2 -13,7 -12,7 *33t8 -13,2 










Averaged Sgnmao Milo, Augmt 1, 1974 
ANTENNA ANGLE 0 
irREG 8.6 9.4 10.2 itlo 11.6 13,0 13.8 14,6 t514 16t2 17,0 
POL MH -98 -8o6 -7,4 "7,3 47.5 -8,9 -00 -83 .5,9 -7,1 -7,8 
POL VV -8.0 -7.0 -7t3 -7:2 -5,6 -6,5 -5,4 -5,7 e697 .81l !7.6 
ANTENNA ANGLE 
FREG 8i6 9,4 10.2 11.0 11.0 13,0 13,8 14,6 15o4 16%2 17,0 
ROL MM -90 -9,1 -7.9 -8.5 -8,7 -8,9 -7o7 -82 -6,3 -8,4 :b4 
POL VV -93 -91 "8*6 -7'6 -7 1 -7s2 -64 -60 .. I,3 7.6 vita 
ANTENNA ANGLE 
FREG 86 9,4 10,2 11;0 11,8 13.0 13,8 1416 1,4 30%2 47,0 
POL HM -9#7 -10,1 -9,7 -a;s -9.1 -8,1 -7,6 -7,4 .6,6 w&%2 -9,2 
POL VY -77 -86 -8.2 -80 -6,9 -6i4 -5,3 -0#6 u641 "6tU -,4 
ANTENNA ANGLE 
FREO 8,6 9,4 10.2 1110 11,6 t3.o 13,8 34,6 15,4 $6,2 ;?o 
POL NH -107 -10,8 -9,6 -8i8 -8.5 -8,2 -7,7 -8,3 *6,8 68, -#,7 
POL VV -8#7 -8.7 -8,1 -7:3 -6o9 -8.3 -5.9 -6,0 -,1 .9,0 w,7 
ANTENNA ANGLE 






















FREQ 8,6 9.4 10.2 lIJO 11.5 13,0 13,8 14,6 %1,4 36S2 17,0 " 
POL WH -12i2 -11,6 -11*6 -10;5 -104,-1027 -10.1 -9,8 -9,2 *1014 -4Q.5 
POL VV -1016 -10,9 -9,5 -95 "8#0 -9,6 -7,5 -72 -6,8 TO*O .7,4 
ANTENNA+ANGLE 
FREG Ov6 9.4 10.2 iO Il. 13.0 13.8 14,6 t,4 48,2 17,0 
POL MR -12,5 -12.4 -11#9 -11.4 -11.1 -ij,5 -ii5 -10,8 :10.1 *10 -14,2 
POL VV -11,S -12.0 -108 -10:8 -9,8 -10.5 -8.4 -8,3 -6,3 w916 -,1 
ANTENNA ANGLE 
FREG 866 9.4 10.2 11i0 11.0 13,0 13,6 14,6 55,4 36k2 ;Z.0 
POL MM -14i2 -14.3 -13.8 "13'0 -12.7 '13,3 -13,2 -12t7 -12,1 13t0 -3,1 










Averaged S1mo'- MioI, August 7, 1974 
ANTENNA ANGLE 0
 
FREG 8.6 9.4 10,2 
±230 11.6 13.0 13.8 14,6 15,4 16%2 ;7,Q 
POL HH r~v4 -4.3 -5s0 -5.2 -5,6 -5e -5.5 .5,2 -,8 .5*2 q,2
POL VV -1v6 -25 -4#8 r308 -2.7 -3.1 3,8 -2,4 wI.S .46 -3.5 
ANTENNA ANGLE 
FREQ 
 0.6 9.4 1±gZ 1,±0 11,0 13.0 13.8 14#§ tS#4 16,2 ;?10 
POL NH -5VI -8.5 -6F2 *5.6 -5,9 -6,0 -5,7 .5#3 -4#6 w.9 -q,6





 8%6 9.4 l0o2 1100 11.0 13.0 13,8 14.4 19#4 38,2 tTjO
 
POL NH ,78 -8.2 -7.0 -7#'4 -6,7 -7,0 -6.6 g6,3 -4,8 '62 970
 




FREQ S#6 9.4 10.2 1110 11.5 %390 13,8. 14,6 ,4 $612 &t7,0
 
POL NH -9,4 -9.7 -9G -7.6 -7.5 -8,7 -7,7 a7,t .6,4 v7 t2 -,8





FREG 8,6 904 
102 1V0 11.9 13.O 13,8 %4q#-14 1682 1 0 
POL MH -1012-10.5 -9,5 -917 -9,2-9,5 -8,6 -89 -7,5 6.6f -,O





FREQ 8i6 9.4 10t2 
11.0 11,8 13,0 13.6 l4,6 t5i4 38.2 7I0
 
POL NH -11,0 -11.0 -Ilt2 9.9 
 -9.7 -t0.7 -9,5 -9,2 -8#0 9,7 -Iq,1





FREG 86 9.4 
10.2 11; 11.5 13.0 13.8 14,4 1,4 46,2 s7,0
 
POL NH 
 -14;9 .12.7 -12.2 -11;0 -12,9 -12,6 -12,3 -11,6 fl§.5 *12,1 912,6
 




6REQ4%6 9#4 1042 11,10 ±1,$ 140 13,8 14,6 10,4 1612 1710
 
POL NH -MO -15.3 -14v5 -14 2 -13,3 -14.3 -14,5 -13,5 12,8 *146 -4,4
 











Avered Stgmao Milo, August 19, 174 
ANTENNA ANGLE 0 
6RE0 8,6 9.4 10.2 ±14 11.8 13.0 13.8 14,6 3.4 16.2 17.0 
POL MH -6.8 -7.3 -6.1 -6"6 v699 -6.0 -5,9 -6,1 -4,0 :5%3 -P#5 
POL VV -49 -5.7 -5.9 -518 -5.4 -4#7 -3,9 -3,7 -2.5 #33 g.8 
ANTENNA ANGLE 

FiEE 016 9.4 10.2 1,0 11.0 13#0 13.6 14,4 j5,4 36*2 ;70 
P91 H v73 -8.9 "6w7 *6;4 -6.9 -6#9 -6,8 "59 *S#4 Ot2 795 
-POL VV w5t6 -8.0 -6.5 "6d1 -5.7 "6,3 -399 "4.6 -S.4 66%7 5.3 
ANTENNA ANGLE 
FREG 4#6 9.4 10,2 ia:o 11.S X3.0 13,8 14,6 1.4 262 17,0 
PO MH :13 -8.6 -8.0 i7a7 -7,1 -7.1 "7. "794 -5*1 !1.1 -Z79 
6t 7POL VV -7.5 -6.1 -610 -6.5 .,3 -5,0 "4t9 -3,8 r9S -P.1 
ANTINNAANGLE 
FREQ 86. 9.4 10.2 100 11l 13.0 13.8 14, 0.v4 36v2 ;?10 




FREG 8,6 9.4 10.2 1110 11e 13s0 13.0 14,6 15.4 )*v 2 17,0 
POL WH -105 -10.9 -10.4 %9:7 -9.6 -10,3 -9,5 -92 -0.7 ix~7 -10,2 
POL VV -10.P -9.6 -8.8 -7.8 -7,6 -7,5 -6,4 -6,6 -642 v71 6 71t, 
ANTINNA ANGLE 
FREQ 0k6 9.4 ±02 1140 11.8 13.0 13.8 14.6 .5,4 36t2 17,0 
POL NH -11r6 -12.0 -11.2 -11.4 -10,6 -11.5 -11.4 -10,7 -10#3 *31S3 -4#.4 
POL VV -31i2 -11.1 -10g6 -102 -9.0 -9,6 -8 -8,s5 -04 693 "9,5 
ANTUNNA ANGLE . 
FREQ 8.6 9.4 10.2 1190 11#0 13.0 13.8 1416 15.4 48%2 17.0 
MOL HH -14;2 P14.6 -13.2 -12:E -12.9 -3,7 -13,5 -128 *12.4 033t4 -3.v4 
POL VV -124 -12.6 -11.9 -11, -107 .12-9.9 09.9 10.0 '367 "-9O 
- ANTENNA ANGLE 
FREG a16 9,4 10.2 11;0 11.6 13.0 13,S 4,6 t5.4 36e,2 45v0 
POL MH -16,0 -16.5 -16.0 -1512 -15.1 -15,1 014.9 -14.0 -14,2 A3171 -45.2 
POL VV -14r4 -14.8 -14.0 -13:5 -12.7 -13.2 012,2 P12,3 Ti. *3842 '4.6 
D-6
 




9.4 l110 11.6 13.0 13.6 14## 19.4 30X2 4?s0 
POL NH ,6t -7.4 4-60 45?3 -4.4 "5,6 -4,6 -3,0 *20 "3.2 -3,7POL VV uS,7 -7.2 -6m2 




FREI 416 9.4 10.2 1100 11.0 13,0 
 13#8 14,§ j5v4 36% 2 41.0
 
POL NH 
 -77 -83 -8,4 -771 -608 -7,3 -67 .5f9 .-54 u,4o W6POL VV 5!94 -7.7 -6.0 "516 v5,2 -5#3 




FREI 16 9.4 
 10%2 1110 Ilel 13.0 1, 14,6' 5$14 6112 &7t0
 
POL NH -7,6 -6.8 
 -7l -640 -64.-5.2 -5,7 -5, .3,8 419 1 ,4

POL VV -58 -6.6 "4.2 
*479 -3.7 "3o2 -j.9 -3,0 *18 -414 91 6 
ANTENNA ANGLE 30 
FREI 94T 9,4 10.2 1170 11.1 130 13,8 14o# $5.4 ltil .7.0
 
POL NH w8 -9.4 -8,0 -7;1 -7,3 -6#7 -7.5 -6,0 94,9 u84 -##4
 
POL VV -7ig -7.9 -.0 -6'4 5,6 -So 




FREI *t4 9w4 10*2 1110 11, 310 13,6j1  1.0 2
4,4 .1,4 
POL NH -9w9 "10.0 95 -9t0 "8.6 *8.2 -7.7 '7t7 -6*7 w7T9 775 
POL VV uIll -9.0 '.7s4 P7;2 -6,7 -6,3 -5#0 w4.* _w4. 4 v"9 !1,9 
ANTENNA ANILESO 
FREI 8v6 10.2 11.09.4 114 13.0 13,8l $4,6--0i,4 3e%2 15,O
 
Pal MN -1049 -10.9 -Po9 '2 
 -9#0 -k9o1 -9,0 -Ol -7.3 78%9 11




FREE OvA 9.4 10.2 
110 l1. 11,0 13. 614,4 1,4 36t2 17,0 
POL NH -1219-12.9 ullv9 -1119 -ii,; -11,6 .11,6 -S9,7 2 4.9,5 *$3

POL VV -100,-11.1 i-10 
 49'8 '.9v4 -90 -6,4 -7,4 -795 '?0 :.,5 
ANTENNA ANLE 70 
FRIG 8y6 9.4 10d2. 110 11.6 13,0 13.6 34, 11,4 3f%2 t?7,
 
POL MN 
 "'a1417. 4.9a14rv2 -1377 -13,0 -13w.413,4 
-12,? "$2s 'B3v -14,2
 
POL VV _13t2 13.8 - 0 12'24 -'p1o 14 -10.5 4,9o150 0311414D-7 
Avereed Sigmao Mlo, Augmst 29, 1974 
ANTENNA ANGLE 0 
FREA 8,6 9.4 10.2 114 1." 130 13.8 l4.6 $1,4 46%2 170 
POL MR 10 -0.2 2t0 279 3.7 3.0 2.6 2,2 20 00 q6
 




FREg 0.6 9.4 1042 110 11.6 13.0 138 .1416 i1#4 362 1790
 
ROL WN ,4,9 -4.9 -4v8 -23 -2.9 -3.2 -1.3 -1., .3.0 -4j7 o10
 




FREG 8t6 9.4 10.2 1170 11.5 13,0 13,8 $4,0 jI,4 3t2 IT$O
 
POL NH t6d -7.4 4wZ A6?3 .64t -6.5 -6.1 m9#9 w4.9 a#%* -f.o 
POL VV '5.1 -6.6 -5.3 0403 .4.4 -4,6 -2.5 -3#4 *It$ 4*2 :3'1 
ANTENNA.AN9LU 30
 
FREC 5,6 9.4 102 1130 11.6 13.0 13.S 24,4 %9,4 )#* 17,1
 
POL HH RO9 -8.6 "7*3 -6; _7,1 -7,7 -7,1 -7,3 .4,7 *7Y4 w7,i
 




FREe 8v6 9.4 104 1110 11.5 1.0 138 14s# t,4 Sfme $bo0
 
POL NH -9#5 -9.1 -ag5 we*6 .8,7 -9,0 -8.1 w7#4 R7,2 -5%3 -9, 
POL VV r7.5 -8.2 T6,2 P 4 -6.S -6t2 -4,1 -4. w4*6 491# -4.# 
ANTENNA ANGLE 50 
FREe *v6 9.4 10.2 11'0 11.5 134 13.6 %4,0 i'f4 302 t790
 
POL MH -10 t -10.5 100. 6912 -104 -9o -9*2 o8,9 -7o4 0 ";0.6
 





FREQ 8,6 9.4 Iv2 1110 Ito 1390 3OS 14,6 5.4 30a2 17,0
 
POL H -132 -13.9 -13.4 -1277 -1203 -12, -12,2 -12,1 -1.3 432,7 .$4,2
 
POL VV -18$ '-9.| "3 o3 -8q6 w.




FREG 0.6 9.4 1042 11.0 11.6 13.0 13.6 14,6 .44 162 17,O
 
POL MN -J1,6 -16.1 -15,4 -155 -15.4 -15.7 -15,5 -15,0 %142 *15, 49*6 
POL VV -13;9 -14.7 p13.7 -1379 -3t& -134 -12.2 -12.7 -1&,7 0436 Ri1a 
D-8
 
Averaged Sigmao Milo, September 17, 1974 
ANTENNA ANILE 0 
FREO 86 9.4 10.2 11;0 11,0 13.0 13.8 14,6 15.4 36%2 17,0 
PoL N4 -518 -4.9 -3#0 r2.2 .3,7 -4s6 -4,0 -31l -0,9 w4,4 -#*9 




FREe 40 9.4 1942 1b'0 jO 13t0 13.8 14* 1,4 36,2 t7,o 
POL H1 -;j4 -6. o5vl *317 .4.9 -..3 -4,8 -4#7 -2.4 r4%3 -015 
Potl VV -38 -5.2 -40 P34 -2.9 '2,0 -2,0 -3,0 -22 wS4W?12 
ANTENNA ANILE 20 



















-4,3 96,5 wi#9 
-29 -S2 -4 
ANTINNA ANGLE 30 

























ANTENNA ANILE 40 
FREe 5*6 9,4 %4v2 11.0 l 11130 l3, 14t.._54 2t! ±0 
POL 1H r948 11,5 "907 -972 
 -9,1 -10,8 -9,1 -9,2 7,6 rt414 -,9
 




FREQ 0,6 944 10.2 1140 11.6 13#0 13.8 14.4 15.4 16*2 17,0
 
P01. NH -11o6 -11,7 -114 -1i1o -to10,2 i1.-10.5 lt -9t4 *1II4 - 97
9 v7POL VV -11,1 -11.3 - -94 -0.3 -93 -860 -7#5 -7#5 -6e9 ;9.8 
ANTINNA ANGLE 66 
FREe 4j6 9.4 102 1110 11.4 13l0 11.6 14,6 l5.4 30 2 17,0
 
POL HH -14,2-14,0 
-14e1 -13. -13.4: -3.99 -1w3,4
-124 !11, * 5t0 -3,2





FREG 0w6 994 10,2 1170 11.6 130 13,8 
 14,6 15,4 &hl t?,0
 
POL NH -10;6 -15,9 -15.9 -1513 -15.5 -16.3 .15,1 -14,9 01418 e165 *4,9
POL VV -14*4 -15.3 r14v2 -1329 -"14,0 -t4.4 -seai -32,? $2.6 *14v3 -13.3
 
D-9
 
